Purpose The aim was to test the impact of body mass index (BMI) and gender on infectious complications after polytrauma. Methods A total of 651 patients were included in this retrospective study, with an Injury Severity Score (ISS) C16 and age C16 years. 7.2 vs. 1.5 %; P \ 0.0001) and the female population had a significantly lower mortality rate (4.1 vs. 13.4 %; P \ 0.0001). Pearson's correlations between the Abbreviated Injury Scale (AIS) score and the corresponding infectious foci were not significant. Conclusion Higher BMI seems to be protective against polytrauma-associated death but not polytrauma-associated infections, and female gender protects against both polytrauma-associated infections and death. Understanding gender-specific immunomodulation could improve the outcome of polytrauma patients.
Introduction
Different results have been reported for the association between body mass index (BMI) and polytrauma [1, 2] . BMI is an anthropometric index defining the weight-toheight relationship, and is expressed as the weight of the individual in kilograms divided by the square of his/her height in meters (kg/m 2 ). Individuals with normal weight have BMIs between 18.5 and 24.9 kg/m 2 ; overweight is defined as BMI C25 kg/m 2 and obesity as BMI C30 kg/ m 2 . BMI values are age-and sex-independent [3] , and obesity is known to be one of the most significant risk factors for diseases such as cancer, heart disease, and diabetes mellitus in Western-oriented countries, called the metabolic syndrome [4] . To date, the association between chronic diseases and obesity seems to be clear, but the impact of obesity on patients' immunity in critical care settings after polytrauma remains unclear [2, 5] . It is also a well-known fact that overweight people have a higher incidence in infectious viral diseases such as pandemic influenza A (H1N1), but the question remains as to whether it is caused by obesity itself or by its secondary effects, such as obstructive ventilation [6] . Obesity not only hinders nursing procedures, but also negatively affects airway management, and makes surgical exposure more difficult and radiographic imaging less feasible and less reliable [7] . However, one report claimed that overweight, obese, and severely obese patients in critical care showed reduced mortality and improved functional status after discharge from hospital-whether it was due to the energy storage of fatty tissue in a catabolic intensive care unit (ICU) stay remains speculative [8] . This seems to contradict data from population-and disease-based studies and a plethora of data from the critical care literature [9] [10] [11] [12] [13] . Those studies have shown that severely obese victims of blunt trauma deteriorate rapidly and are less responsive to interventions. Furthermore, obesity is recognized as an independent predictor of mortality in such patients, who are also reported to have an increased risk of multi-organ failure [2, 14] . BMI is reported to be a predictor of injury pattern and a BMI [30 kg/m 2 significantly predicted the development of pulmonary problems and rib and pelvic fractures in patients after blunt trauma [15] . On the other hand, there might be also some protective effect of the fatty tissue by its aromatase activity, converting the 4-androstenedione to estradiol-17b [16] . This might lead to a partial feminization of the obese patient and, thus, to a reduced incidence in infectious complications. There is high evidence that female patients are positively protected against infectious complications [17] [18] [19] [20] . Whether this 'female advantage' in reality has an effect on the incidence of infectious complications in polytrauma patients has not yet been tested. However, the protective effect of estradiol-17b produced by female patients and possibly obese patients is a wellknown fact [17] [18] [19] [20] . In this study, the focus was placed on the gender-and BMI-specific incidence of infections in polytrauma patients.
Patients and methods

Patients and ethics
A total of 651 patients with polytrauma admitted to the emergency room of the University Hospital Zürich in the period 1996-2008 were included in this study. The inclusion criteria were an Injury Severity Score (ISS) C16 points, age C16 years, and admission within at least 24 h of incurring polytrauma (ISS C16). The population was subdivided into three groups ( 
Primary care
The primary treatment of all patients admitted was according to the ATLSÒ guidelines and the previously assessed trauma management protocol after appropriate indications were identified [21, 22] . Briefly, after airway intubation, ventilation, and cardiovascular management, life-saving surgery was performed with decompression of the body cavities, control of any hemorrhage, and the identification of any contaminated tissues. The first surgical interventions were followed by the stabilization of major fractures and the radical debridement of necrotic tissues.
Trauma scoring systems
The ISS and the New Injury Severity Score (NISS) were used to define the severity of the trauma based on the Abbreviated Injury Scale (AIS) score [23] [24] [25] . The Acute Physiology and Chronic Health Evaluation II (APACHE II) score was used to evaluate the overall physiological impairment of the patient [26] .
Definition of infection
Infection was defined as the invasion and multiplication of pathogenic microorganisms in a bodily part or tissue, such as bacteria, viruses, and parasites that are not normally present within the body, which may produce subsequent tissue injury and progress to overt disease through a variety of cellular or toxic mechanisms. An infection may cause no The impact of body mass index 575 symptoms and be subclinical, or it may cause symptoms and be clinically apparent. Microorganisms that live naturally in the body were not considered to constitute an infection. All infections had to be proved by a positive microbial culture.
Laboratory parameters
Lactate, pH, and hematocrit were measured at regular intervals with a blood-gas analyzer (ABL800 Flex; Radiometer Switzerland, GmbH, Thalwil, Switzerland). Platelets were measured with flow cytometry (FACSCalibur; Becton-Dickinson, Allschwil, Switzerland). The prothrombin time was measured with a standard method described previously [27] .
Statistical analysis
Data are presented as the mean ± standard errors of the means (SEM) for continuous variables and as percentages for categorical variables. The data for the BMI groups were compared using the Kruskal-Wallis and v 2 tests for categorical data and with analysis of variance (ANOVA) for continuous data. Pearson's correlation was used to determine the dependency of the data sets. P \ 0.05 was to be considered significant. The data were analyzed using the SPSS statistical software (version 21.0; IBM, Armonk, NY, USA).
Results
Patient sample
All BMI data given below are reported in kg/m 2 , but the units are not included for simplicity of presentation. A total of 651 patients met the inclusion criteria; 378 of them were non-obese, with a BMI \25; 224 were overweight, with a BMI 25-30; and 49 were obese, with a BMI [30. Of these patients, 495 were male and 156 were female, with significantly more men in all three groups (P \ 0.0001; Table 1a ). The overall mean BMI was 24.7 ± 0.1. The mean age was 42.9 ± 0.75 years, and did not differ significantly according to BMI (BMI \25, 42.9 ± 1.0 years; BMI 25-30, 43.4 ± 1.3 years; and BMI [30, 44.3 ± 2.4 years; P = 0.715; Table 1a ). The female patients had a significantly lower BMI (25.3 ± 0.2 vs. 24.1 ± 0.3, male vs. female; P \ 0.0001). The female sample was significantly older than the male sample (40.0 ± 0.8 vs. 45.7 ± 1.6 years, male vs. female; P \ 0.0001). There were no other differences found except for significantly lower hemoglobin in the female sample on admission (Table 1b) . Only 14 patients (four males and ten females) met the criteria for being underweight (BMI \18.5) and were excluded from the study. All patients admitted to the trauma bay who met the inclusion criteria were included in the study.
Injury patterns
The analysis of the injury patterns according to the AIS revealed no significant differences between the BMI groups. In this patient sample, there were no differences between the three groups in the ISS, NISS, or APACHE II scores (Table 1a ). The gender-specific analysis revealed no significant differences in the injury pattern or physiological parameters on admission (Table 1b) .
Incidence of infection
There were no significant differences between the three BMI groups in the incidence of infection (Table 2a) . However, the female sample revealed a significantly lower incidence of infectious complications in all anatomical region after polytrauma compared with the male population (P \ 0.001) ( Table 2b ).
Correlation of injury pattern and infection
Pearson's correlation revealed no significant association between the injury pattern and the infectious focus. The correlation coefficient was always negative or below 0.1. There was absolutely no correlation between the severity of an injury in an anatomical region and the incidence of infection in that region (Table 3) .
Outcomes
Patients with a higher BMI revealed a significantly lower mortality rate (BMI \25, 8.8 %; BMI 25-30, 7.2 %; and BMI [30, 1.5 %; P \ 0.0001) ( Table 4a ). The female patients showed a significantly lower mortality compared to the male sample (13.4 vs. 4.1 %, male vs. female; P \ 0.0001) (Table 4b ). There were no significant differences found between hospitalization, intensive care stay, or ventilation in all BMI groups and in the male and female samples (Table 4a, b) .
Discussion
This study was designed to evaluate the impact of BMI and gender on the development of infectious complications in patients with polytrauma. Understanding the altered physiology of obese patients with polytrauma can play a pivotal role in their multidisciplinary treatment. In Western-oriented societies, the prevalence of obesity is a growing problem that appears to be altering current medical and surgical treatment strategies [28] . Female gender has a positive immunomodulatory effect on the development of infectious complications after trauma [17] [18] [19] [20] . Overweight patients have significantly more comorbidities than normal-weight patients and face more post-traumatic complications [29, 30] . In this study, the incidence of infections was analyzed over a period of 31 days after polytrauma. The ISS did not differ between the study groups. The incidence of infectious complications also did not differ with increasing BMI scores over the observation period. On one hand, the production of estrogen by aromatase activity in adipocytes is a well-known phenomenon [16] . The steroid pathway then shifts from the production of 4-androstenedione and testosterone toward the There was a significant correlation between spinal injury severity and abdominal infection, but the correlation coefficient was very low * ANOVA, Pearson's correlation AIS Abbreviated Injury Scale, CNS central nervous system
The impact of body mass index 577 production of estrone and estradiol-17b. Feminine steroids are highly protective against inflammatory reactions [27] . The data presented here indicate no difference in the incidence of infections in the overweight patients in this study. The production of estradiol-17b produced by the adipocytes seems not to be effective enough for the 'feminine protection' against infectious complications. However, the feminine gender was significantly protected against infectious complications without differences in injury severity or pre-existing diseases reflected by the ISS and APACHE II scores. The question as to whether the injury pattern correlates to a specific anatomical region seems to be negatively answered. There was no correlation between the injured anatomical region and an infection within that anatomical region, so the injury itself did not constitute an infectious focus. Only spinal injuries and abdominal infections correlated significantly, but with a low correlation coefficient. This may suggest a random association. On the other hand, polytrauma patients face a catabolic state early, with consumption of the body's energy reserves, decreasing the functionality of the immunity system. A slightly elevated BMI may provide enough energy in a polytrauma situation to keep the immunity system functional, which is mirrored in the better survival rate according to the increasing BMI. Taking all the findings together, the outcomes of the overweight patients were not better than those of the normal-weight patients, but the mortality rate decreased significantly in the overweight BMI group and in the female group. It can be stated definitively that females are protected against infectious complications in polytrauma conditions, whereas the overweight and obese patients are not. Further analyses that include the assessment of hormonal status and precise measurements of body fat might be more conclusive. The knowledge of hormonal immunomodulation could improve the outcome of severe infections and sepsis in polytrauma patients. 
